The complications of varicose veins are well known, but the etiology of these complications has never been satisfactorily explained. Many more or less plausible statements as to the causes of varicose ulcer, for example, have been offered. One of the most persistent concepts has been that the incompetence of the valves of the leg veins is followed by venous stagnation, and venous stagnation by anoxia of the region; this renders the tissues more susceptible to trauma and ulceration. The question remains, why do ulcers develop in one case but not in another? Evidently several factors are involved. This study was designed to add objective information regarding alterations of physiological processes which may be responsible for the complications associated with varicose veins.
deTakats and his coworkers (1) and Blalock (2) have studied the oxygen tension of the blood found in varicose veins, to obtain data concerning the pathology associated with these abnormal veins. deTakats found the oxygen content distinctly lower in varicose veins of the leg than in the antecubital veins of the arm. This is hardly a fair comparison. Blalock found ". . . in nine of the ten cases observed, the oxygen content of the blood from the femoral veins was higher on the diseased side . . . than on the opposite side." He stated, " No definite relationship seems to hold between the oxygen content of the blood of the dilated veins of the lower part of the leg and similarly located normal veins of the opposite leg.
We questioned this latter statement and expected to find on examining the blood a greatly lowered oxygen content in the varicose veins. We must admit at once that no significant lowering of the oxygen content was found when analyses of blood from varicose veins with and without ul- ceration were compared with analyses of blood from similarly situated normal veins. When ulcers were present, blood was usually withdrawn from the vein draining the ulcer. It was taken under oil. Heparin was used as the anticoagulant. The blood was aspirated in as small quantity as was consistent with careful analysis (not more than 3 cc.). Small quantities are important to avoid the possibility of withdrawing blood contained in the deep veins, where presumably the oxygen content would be higher.
The oxygen content and the total oxygen combining power were determined in duplicate by the method of Van Slyke and Neil (3), and from these results, the oxygen tension of the blood was calculated from the data of Henderson, Bock, et al. (4) . These data are presented in Tables II,  III, and IV. The failure to find evidence of hypo-oxygenation of the blood in varicose veins was unexpected, and it was thought that rest in bed might have had a temporarily beneficial effect on the venous circulation of the legs. This was disproved by taking blood from the varicose veins of ambulatory patients in the Outpatient Clinic and comparing the oxygen content with that of blood from normal leg veins under similar circumstances.
Superficially, it would seem that the major premise of the explanation outlined above regarding the cause of varicose ulcers had been destroyed by Blalock's observations supported by our work. Actually, it must be kept in mind that the oxygen content of the blood in the large veins may not give a true representation of the capillary oxygen content. One uncontrolled factor here is the possibility of a shunt of blood directly from the arterioles to venules, largely avoiding some regions of the capillary bed. Furthermore, pressure from edema of the skin would seriously impair the local capillary circulation there. Accordingly, we were 555 led directly to a study of edema formation in cases of varicose veins with and without ulcer formation.
Measurement of edema formation
In order to measure the amount of tissue fluid formed in the legs, the patient was taken from bed and seated for 2 hours with his foot in a dependent position. The At the end of 2 hours, 5 liters of water at the same temperature as that used at the beginning of the experiment were poured into the boot. As a result of the transudation of fluid from the blood stream into the tissues, the leg volume was increased and the water rose to a height greater than the initial level. Water was removed until the original level was regained. That removed was measured. Its volume represents the quantity of edema fluid which was formed during the sitting period, and is expressed as cubic centimeters of tissue fluid per 100 cc. leg volume. It is important to have the foot and leg in exactly the same position for each of the two determinations.
The accuracy of using the manometer as a measure of the height of the fluid in the boot was tested by adding measured amounts of water to that in the boot and then measuring the volume of water it was necessary to remove to bring the manometer reading back to the previous level. The actual amount of water added was not known by the observer. The results given in Table I show that the error was small enough to make significant the changes in volume found. The detailed results obtained in the study of edema formation in these cases are shown in the tables. The amount of tissue fluid formed in 2 hours in the legs of 4 normal individuals was 3.9 ± 0.7 cc. per 100 cc. leg volume.
Six patients having varicose veins without ulceration showed an edema formation in 2 hours of 6.0 + 0.7 cc. per 100 cc. leg volume.
Five patients having varicose veins with ulceration showed an average edema formation of 6.5 ± 0.6 cc. per 100 cc. leg volume.
It is important to make a series of such studies at the same time of year if they are to be com- (Table III) incompetence of the valves of th communicating veins was found in the group with out ulcer. When the subjects are divided into two group! on the basis of whether the valves of their communicating veins are competent (normals plus those with simple varicosities of the great saphenous system) and those in whom the valves of the communicating veins are incompetent, a highly significant increase in the formation of edema fluid is found in the latter group.
The following subjects fall into the first group: According to Blalock's data and our data, a diminished oxygen tension of the blood is not a factor in either this phenomenon or in the development of varicose ulcers. These oxygen studies are concerned of course with venous, not capillary blood. As already pointed out, this may not give an index of the oxygen tension in a particular part of the capillary bed. It is possible that the blood may be shunted around the edematous regions where the tissue tension is relatively high, the major portion of the blood tending to flow through less obstructed channels, or the blood may be diverted directly from arteriole to venule, avoiding the capillary bed. In any case, the venous blood may not give a fair representation of the oxygen tension in certain parts of the capillary system. Studies of the saphenous blood offer no explanation of the increased tendency to edema formation described above.
Failure of blood analysis to explain the findings (6) . If the valves of the deep veins are incompetent, these veins of the lower leg would be subjected to sustained high pressures. These pressures during relaxation of the leg muscles would be hydrostatic, that is, dependent approximately upon the weight of the column of blood from the heart level to the level of the lower leg. At all times, with the patient in the upright position, the pressure in the veins would then be far above the colloid osmotic pressure of the blood even during walking. (See Beecher, Field, and Krogh (7) .) The condition in the extensive deep system of veins would be comparable to that described by Beecher (8) for simple varicosities of the superficial veins. Sustained high pressure in the superficial veins alone was not found associated with gross edema formation, presumably because the lymphatics were adequate to drain the relatively limited tissues drained by these veins. But now, if the deep system of veins is exposed to a sustained high venous pressure this should greatly increase the quantity of tissue fluid formed during relaxation of muscles. (According to Wells (9) , the intramuscular pressures during contraction may be great enough to prevent this filtration.) With incompetent valves of the communicating veins, this high pressure would be transmitted to the superficial system where presumably the valves of the saphenous system would also be inadequate and the pressure there already high. It seems reasonable to suppose with sustained high pressures throughout the venous system of the leg that a greater quantity of tissue fluid would be formed than when the superficial system alone was involved, and it is not surprising that the lymphatics are inadequate to transport away this greatly increased accumulation of tissue fluid. Edema develops.
Presumably, if these patients sat absolutely still with legs completely relaxed at all times the rate of formation of tissue fluid would be equally great in subjects with normal veins and those with incompetent valves, insofar as a sustained venous pressure is a factor in the development of edema. Practically, these patients were not trained subjects and evidently moved around enough to prevent sustainfed high venous pressures from developing when the venous valves were competent. In the ordinary conditions of life, of course, the difference between the normals and the group with inadequate venous valves would be exaggerated, and one would expect to find relatively far more edema fluid formed in the latter group.
Another answer to the question raised above might be that the phlebitis which damaged the valves of the communicating veins may have damaged the lymphatic drainage system as well. Drinker (10) 
SUMMARY
We have measured the oxygen tension of the blood found in varices of the great saphenous system with and without ulceration. Our data confirm Blalock in that we did not find low oxygen tensions to be present in these cases. It is pointed out that study of saphenous blood may not provide a true index of the oxygen tension in certain parts of the capillary bed. The volume of edema fluid formed in three classes of subjects has been measured in the lower leg during a sitting period: normals, cases with simple varicosities, and cases in which the varicosities were complicated by ulcer formation.
A barely significant increase above normal occurs in the formation of tissue fluid when simple varicosities of the great saphenous system are present. No significant increase in the formation of edema fluid was found in the patients having ulceration with their varicose veins over the varicose group without ulceration. When a distinction was made between subjects with normal or with incompetent valves of the communicating veins a highly significant increase in tissue fluid formation was found in the latter group. Possible reasons for this are discussed. 2. Studies of the saphenous blood oxygen offer no explanation of this.
